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1 Introduction
NB-IoT shall support a massive number of low cost devices with extended coverage and low power consumption for MTC applications. NB-IoT supports three operation mode, i.e. in-band operation, guard band operation and standalone operation. In this contribution, we discuss anchor carrier for NB-IoT and present our proposals. 
2 Anchor carrier for in-band NB-IoT operation
In Rel-13 eMTC design, the MTC device has an RF bandwidth corresponding to 6 PRBs. The synchronization signal for Rel-13 eMTC is the same as the legacy LTE system, i.e. PSS/SSS is transmitted in the center of the LTE system bandwidth. The Rel-13 eMTC UE first reads the PSS/SSS and then reads the corresponding Rel-13 eMTC MIB and SIBs. The Rel-13 eMTC SIB includes a set of PRACH time-frequency resources and a Rel-13 eMTC UE selects one of PRACH time-frequency resources for PRACH transmission based on its RSRP measurement. The PRACH frequency resource can be located anywhere in the LTE system bandwidth indicated in SIB. The Rel-13 eMTC SIB also includes the M-PDCCH frequency location corresponding to each of the PRACH time-frequency resources. Hence, a Rel-13 eMTC UE can monitor M-PDCCH anywhere within the LTE system bandwidth, depending on the eNB configuration. In this sense, Rel-13 eMTC already supports the concept of anchor carrier.

Observation: Anchor carrier concept is supported for Rel-13 eMTC.    

For NB-IoT, it is beneficial to allow assigning more PRBs for NB-IoT operations. This provides eNB the flexibility to control the amount of resources assigned for NB-IoT over time. Consequently, the eNB can effectively manage the resources depending on the number NB-IoT devices to serve at a certain time. 
Proposal 1: It is allowed to have more than one PRB within a LTE carrier for NB-IoT operation. 

In order to allow more PRBs for NB-IoT within a LTE carrier, the following two methods can be considered:

Method 1: Self-contained NB-IoT carrier in each of the PRBs assigned for NB-IoT within a LTE carrier.

Figure 1 illustrates the idea of Method 1, wherein multiple PRBs are assigned for NB-IoT within a LTE carrier. NB-PSS/NB-SSS and NB-PBCH are transmitted in each of the PRBs assigned for NB-IoT. Furthermore, the NB-IoT SIBs may also be transmitted in each of the PRBs assigned for NB-IoT. Therefore, each of the PRB assigned for NB-IoT effectively forms a self-contained NB-IoT carrier. The other DL channels, i.e. NB-PDCCH and NB-PDSCH, may  also be confined to the PRB used by the NB-IoT carrier. The frequency resource used by the NB-IoT UE for UL transmission, i.e. NB-PRACH and NB-PUSCH, can be the UL PRB corresponding to the DL PRB used by the NB-PSS/NB-SSS (or NB-PBCH) transmission. 
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Figure 1: Illustration of self-contained NB-IoT carrier

Method 2: Anchor carrier type of NB-IoT operation
Figure 2 illustrate the idea of Method 2, wherein multiple PRBs are assigned for NB-IoT within a LTE carrier. Method 2 includes the following properties:
· The NB-PSS/NB-SSS is only transmitted in one of the multiple PRBs assigned for NB-IoT within the LTE carrier.

· The NB-PBCH is only transmitted in one of the multiple PRBs assigned for NB-IoT within the LTE carrier.

· The NB-SIBs are only transmitted in one of the multiple PRBs assigned for NB-IoT within the LTE carriers.

· A set of time-frequency resources for NB-PRACH is included in the NB-SIB.

· During the RACH procedure, the PRB for a NB-IoT UE to monitor NB-PDCCH and NB-PDSCH, and the PRB for a NB-IoT UE to transmit the NB-PUSCH is derived based on the PRACH time-frequency resource selected by the NB-IoT UE.

· After the RACH procedure, the NB-IoT UE may be reconfigured to another PRB for receiving NB-PDCCH/NB-PDSCH and transmitting NB-PUSCH. Such reconfiguration can be done via RRC signaling.  
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Figure 2: Illustration of anchor carrier type of NB-IoT operation

Method 1 is a straightforward way to allow multiple PRBs within a LTE carrier for NB-IoT usage. However, Method 2 is superior to Method 1 in the following aspects:
· The system overhead for NB-IoT operation is lower for Method 2, since NB-PSS/NB-SSS, NB-PBCH, NB-SIBs are transmitted in multiple PRBs for Method 1, while these common channels/information is only transmitted in one of the PRB for Method 2.
· It is more efficient to achieve load balancing with Method 2. Method 1 may lead to many NB-IoT devices performing channel access on the same NB-IoT PRB (or NB-IoT carrier), which requires the eNB to initiate an inter-frequency handover procedure in order to move some NB-IoT UEs to other PRBs (or NB-IoT carriers). For Method 2, reconfiguration a NB-IoT UE to receive NB-PDCCH/NB-PDSCH on another PRB can be performed right after the RACH procedure (to be more specifically, this reconfiguration message can be sent to the NB-IoT together with the contention resolution), which provides a more efficient way to achieve load balancing. 
· If the frequency location for NB-PBCH transmission within the LTE carrier is fixed, it is possible to allow NB-IoT UEs to demodulate the NB-PBCH using the legacy CRS. In this way, there is no need to design new demodulation reference signal for NB-PBCH, which further reduces the system overhead. More details on reusing legacy CRS for NB-PBCH demodulation can be found in [1].
· PRACH collision probability lower with Method 2. For Method 1, if many NB-IoT UEs are performing cell access on the same NB-IoT carrier and if there is only one PRB corresponding to the NB-IoT carrier for NB-PRACH transmission, the collision probability of NB-PRACH transmission may increase. With Method 2, by allowing multiple PRBs for possible NB-PRACH transmission, the many NB-IoT UEs may distribute themselves on the multiple PRBs for NB-PRACH transmission, based on their RSRP measurement or other mechanisms (e.g. randomly select one NB-PRACH PRBs).

Therefore, from the above analysis, Method 2 is preferred for NB-IoT operation when multiple PRBs are assigned for NB-IoT within a LTE carrier. It is also noted that Method 2 is analogous to Rel-13 eMTC.
Proposal 2: An anchor carrier type of NB-IoT operation is supported for in-band operation.

· NB-PSS/NB-SSS is transmitted only in one 180kHz frequency resource within a LTE carrier.
· NB-PBCH is transmitted only in one 180kHz frequency resource within a LTE carrier.

· A set of NB-PRACH frequency resources can be configured via a NB-SIB and a NB-IoT UE selects one of the NB-PRACH frequency resources for its NB-PRACH transmission.
· The 180kHz frequency resource used by a NB-IoT UE to monitor NB-PDCCH and NB-PDSCH during the RACH procedure is configured via NB-SIB for each of the NB-PRACH frequency resource.

· The 180kHz frequency resource used by a NB-IoT UE to monitor NB-PDCCH/NB-PDSCH can be reconfigured via RRC signaling after the RACH procedure.
3 Anchor carrier for guard band and standalone NB-IoT operation

In essence, when more than one 180kHz frequency resource are allocated for NB-IoT applications, both Method 1 and Method 2 are also applicable for the guard band and standalone NB-IoT operation. Figures 3 and 4 show how Method 1 and Method 2 work for the standalone NB-IoT operation. The illustration of Method 1 in Figure 3 is straightforward, i.e. each 180kHz forms a standalone NB-IoT carrier, on which all necessary signals and information are transmitted. The illustration of Method 2 in Figure 4 resembles that in Figure 2, except that there is no underlying LTE carrier. In Figure 4, NB-PSS/NB-SSS/NB-PBCH/NB-SIBs are transmitted on one of the 180kHz frequency resources. Any NB-IoT UE may perform initial access via this 180kHz anchor carrier. The other 180kHz frequency resources can be used for NB-PDCCH and NB-PDSCH transmission in the downlink, and NB-PUSCH transmission in the uplink. The other 180kHz frequency resources may also be used by a NB-IoT UE for NB-PRACH transmission, depending the NB-PRACH frequency resource configuration. The benefits of Method 2 over Method 1 as analyzed in section 2 for in-band NB-IoT operation also exist for guard band and standalone NB-IoT operation. Therefore, we have:

Proposal 3: An anchor carrier type of NB-IoT operation similar to that supported for in-band NB-IoT operation is supported for guard band and standalone NB-IoT operation.
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Figure 3: Method 1 for standalone NB-IoT operation with multiple NB-IoT carriers
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Figure 4: Method 2 for standalone NB-IoT operation with multiple 180kHz frequency resources

4 Conclusions
In this contribution, we discuss the support of anchor carrier for NB-IoT.  It is understood that anchor carrier is effectively supported for Rel-13 eMTC and there are clear benefits to support anchor carrier for NB-IoT. Aiming to reusing the similar design from Rel-13 eMTC for NB-IoT, the following proposals are provided: 
Proposal 1: It is allowed to have more than one PRB within a LTE carrier for NB-IoT operation.

Proposal 2: An anchor carrier type of NB-IoT operation is supported for in-band operation.

· NB-PSS/NB-SSS is transmitted only in one 180kHz frequency resource within a LTE carrier.

· NB-PBCH is transmitted only in one 180kHz frequency resource within a LTE carrier.

· A set of NB-PRACH frequency resources can be configured via a NB-SIB and a NB-IoT UE selects one of the NB-PRACH frequency resources for its NB-PRACH transmission.

· The 180kHz frequency resource used by a NB-IoT UE to monitor NB-PDCCH and NB-PDSCH during the RACH procedure is configured via NB-SIB for each of the NB-PRACH frequency resource.

· The 180kHz frequency resource used by a NB-IoT UE to monitor NB-PDCCH/NB-PDSCH can be reconfigured via RRC signaling after the RACH procedure.

Proposal 3: An anchor carrier type of NB-IoT operation similar to that supported for in-band NB-IoT operation is supported for guard band and standalone NB-IoT operation.
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